The goal of this study was to determine if preslaughter events, such as transport to and holding at the slaughterhouse. affect Salmonella prevalence in turkeys. Floors of transport crates were swabbed after loading and prior to transport at the farm (time 1, n = 100 swabs per trial) and after transport to and holding at the abattoir (time 2, n = 100 swabs per trial). In addition, environmental samples were taken at each of the six premises (n = 25 per premises) as well as in the holding shed at the abattoir (n = 25 samples per trial). At slaughter, the crops, ceca, and spleens were cultured (n = 50 each per flock). As shown from the culture of the crate floor swabs collected pre-and posttransport, when individual farms were analyzed, samples from only one premises exhibited a statistically significant change, as seen by the decline in Salmonella prevalence posttransport (P < 0.01). When the data from all farms were combined, Salmonella was recovered more frequently from swabs collected pretransport at loading on-farm (time 1, 47.6%) than from swabs collected after transport (time 2. 39.7%. P
The goal of on-farm pathogen reduction strategies is delivery of turkeys to the processing plant with low levels of Salmonella. Salmonella reduction has been achieved by strict control of feed, hatchery sources, water, litter, and farm hiosecurity (19, 25, 41) . Nevertheless, at the end of growout (18 to 20 weeks), the cecal droppings of 13% of the hen turkeys and 33% of the tom turkeys in the southeastern United States were recently reported to be Salmonella positive (5) . Live turkeys harboring Salmonella are the initial source of processing plant contamination, which may affect the microbial quality of the final product (3, 19) .
The prevalence of Salmonella-contaminated broilers delivered to processing plants may be influenced by key events occurring within --24 h of slaughter, including feed withdrawal, catching, crating, and transportation to, and holding at, the processing plant (1, 3, 4, 12, 21, 26, 28, 35) . Whether similar events influence the Salmonella status of turkeys is uncertain.
Hurd et al. (13) (14) (15) and Rostagno et al. (31) have documented that Salmonella contamination in hogs occurs during final transport to and holding at the slaughterhouse. Experimental rapid transmission of a laboratory nalidixic acid-resistant Salmonella enterica serovar Typhimurium 54232 strain from infected pigs to clean penmates within -3 h of exposure suggests the likelihood that this ensues prior to commercial slaughter (13) . It is possible that transport and holding similarly increase the prevalence of Salmonella in market-weight turkeys.
Although there are multiple potential control points at which the introduction of Salmonella throughout live turkey populations can occur (8, 9, 12, 19) , we focused on the final -24 h preceding slaughter, when transport to and holding at the abattoir occur. Limited studies detail the effect of transport to and holding at the abattoir on the prevalence of foodborne pathogens in turkeys. Therefore, based on studies in broilers and hogs, the primary goal of this study was to determine if preslaughter events, specifically transport to and holding at the abattoir, influence the prevalence of Salmonella in market-weight turkeys.
MATERIALS AND METHODS
Farm selection. Six midwestern premises (flocks I through 6) were randomly selected on the basis of their scheduled delivery of market-weight turkeys to the abattoir from May through August 2003 when sampling was conducted. The farms utilized, at a minimum, a two-stage production system with separate brooder and growout houses (-10,000 birds per house). The farms supplied turkeys to a single commercial abattoir, which processed -20,000 birds daily. In this study, the turkeys sampled were the first group to vacate the house, although large houses are usually emptied over 2 to 3 days. Load-out (catching and crating) occurred at night and began between 5:30 p.m. and 5 am., depending on the premises. The pretransport cage swabs were taken during load-out at the farm (time I); posttransport cage swabs were collected in the holding shed at the slaughterhouse (time 2). Posttransport samples were collected from the same trucks, but not necessarily from the same transport cages, as those taken at time 1. Sampling occurred early in the week to reduce the possibility that birds were transported in already contaminated crates.
Farm management questionnaire. A farm management questionnaire was distributed to participating turkey growers to correlate management practices with the prevalence of Salmonella at the time of slaughter. The questionnaire surveyed the source of poults, use of growth promotants. frequency of top dressing the litter, vaccine strategies. use of coccidiostats, health problems associated with the flock, and use of chlorinated water. The respondents were unaware of their flock's Salmonella status when the questionnaire was completed.
Duration of perimarketing events. All producers used the same company for live haul to a single commercial abattoir. The estimated perimarketing interval was based on each driver's log and encompassed the time for loading (catching and crating) at the farm, transportation, resting interval at the processing plant, and the plant's record of the time of slaughter. Overall intervals are reported as the mean ± standard deviation.
Environmental samples on-farm. Drinkers, feeders, walls, and support posts (n = 25 samples per farm) were swabbed with a four-ply gauze (4 by 4 in. Transport crate floor swabs. The 144 coops on the commercial live haul truck accommodated 1,000 market-weight birds. After the birds were loaded into the coops but prior to leaving the premises, transport crate floors were sampled for the collection of the cecal and fecal material excreted by the birds (time 1. n = 100 pretransport swabs per flock). A clean pair of disposable gloves (Diamond Grip, Microflex Corporation, Reno. Nev.) was used to sample each coop to avoid cross-contamination. The number of coops swabbed was equally distributed among the number of trucks used to empty the house to ensure the equal representation ni birds from all areas 01'111C production barn. Lo- gistics and the speed of load-out at night, coupled with safety issues, precluded swabbing crate floors prior to loading. After transport to and resting in the holding shed at the abattoir, coop floors were resampled (tune 2, n = 100 swabs posttransport per flock). Because of the logistics, no attempts were made to resampIe the same coops that had been swabbed prior to transport (i.e., random sampling was applied at both time points). For sampling, the coop floor, including feathers and droppings, was swabbed with a four-ply gauze (4 by 4 in.), which was then placed in a WhirlPak plastic bag. To maximize the area sampled, the cage floor surface under the turkey was swabbed.
Holding shed. Fans, support posts, and floors in the holding shed were swabbed with a four-ply gauze (4 by 4 in.). which was then placed in a WhiriPak plastic bag. Environmental swabs were collected during each visit to the abattoir (n = 25).
Viscera. To determine Salmonella status, the crops, ceca, and spleen (ri = 50 each per flock) were collected at the evisceration station at the ahattoir, and each viscera sample was placed individually in sterile WhirlPak bags. To ensure randomness, collection of viscera was timed so that samples from all of the trucks originating from the study farm were equally represented. Samples were transported to the laboratory. refrigerated (4°C) within -6 h of collection, and processed the following morning.
Sterile phosphate-buffered saline (PBS, 25 ml; Sigma, St. Louis, Mo.) was pipetted into the crop, and the contents were mixed by hand to achieve a homogeneous suspension. For dual enrichments, an aliquot (10 ml) was placed in both tetrathionate (90 ml; Difco, Becton Dickinson, Sparks, Md.) and buffered peptone water (90 ml; Remel. Lenexa, Kans.) to yield a 10% (vol/ vol) sample suspension. For dual enrichments, contents for both ceca (--10 g) were placed in both tetrathionate (90 ml) and buffered peptone water (90 ml) to achieve a 10% (vol/vol) suspension.
Each spleen was dipped into 67% ethanol, flamed, and placed in a WhirlPak bag with 25 ml of PBS, and the contents were homogenized (220 rpm, 30 s; Seward 80 stomacher, Seward. Norfolk, UK). For dual enrichments, 10 ml of each spleen suspension was aliquoted to both tetrathionate (90 ml) and buffered peptone water (90 ml).
Carcass swabs. Carcasses were swabbed both prior to entering (a = 50 swabs per trial) and upon exiting (a = 50 swabs per trial) the chill tank. The entire breast surface of each carcass was swabbed with a sterile sponge (Speci-Sponge Bags, Nasco), which was returned to the WhirlPak bag after sampling. For isolation of Salmonella, the sponge was cut in half with sterile scissors, and each half was placed in both tetrathionate and buffered peptone water, as described below.
Salmonella isolation. Environmental swabs and viscera (crop, ceca, and spleen) were processed for Salmonella isolation, including dual enrichment in buffered peptone water and tetrathionate broth, and then subcultured to Rappaport-Vassiliadis broth (EM Science. Gibbstown, N.Y.) with or without novobiocin (20 j.i.g/ml: ICN Biomedicals, Inc., Aurora, Ohio), as depicted in Figure 1 . After enrichment, the samples were plated onto xyloselysine-tergitol 4 (Remel) and modified brilliant green sulfa (Difco, Becton Dickinson), as described (26) . Presumptive Salmonella colonies were streaked onto Rambach agar (Chromagai Paris, France) for confirmation. Salmonella isolates were subcultured onto Trypticase soy agar slants (Becton Dickinson. Franklin Lakes, N.J.) and refrigerated (4°C). (it 46) . crop (ii = I). ceca (n = 45). spleen (n = 23), and carcass swabs before (n = 50) and after (ri = 15) the chill tank: and flock 6, on-farm environmental swabs (n = 15), crate floors prior to transport (n = 58), holding shed environment (n = 10). crop (ii = 3), ceca (n = 6). spleen (n = I), and prechill (ii 16) and posichill (n = 4) tank carcass swabs.
Statistical analysis. Chi-square analysis was used to compare the recovery rates of Salmonella (i.e., prevalence estimates) from crate floors at time 1 (pretransport) with time 2 (posttransport) and from different sample types collected. A value of P < 0.01 was reizarded as statistically significant.
RESULTS
Farm management. Flocks differed in source of pouRs, and at a minimum, birds were moved from the brooder house to the growout house only (two-stage production). For the growout houses, flocks differed in the mill providing feed, type of litter, source of water in the turkey houses, and water chlorination, as well as in vaccine regimens and biosecurity practices ( Table 1 ). All flocks used growth promotants, top dressed the litter with an introduction of each flock to the growout house, recorded sparrows or starlings in the house, and used coccidiostats. However, in this limited study, no single factor emerged as a potential cause of the differences in Salmonella prevalence between flocks.
Duration of perimarketing events. The perimarketing interval (7.8 ± 1.6 h) encompassed load-out on the farm to the time of slaughter (Table 2) , during which time turkeys had no access to either food or water. The on-farm loading time (0.8 ± 0.1 h), which included catching and crating, was similar for the six flocks. The transit time varied (1.5 ± 1.1 h) and ranged from 0.25 h (flock 3) to 3 h (flock 2). Birds rested in the holding shed (5.6 ± 2.1 h), where they were cooled by industrial-size fans. Notably, flock 3 had the shortest transport time (0.25 h) yet the longest interval in the holding shed (-10 h).
Transport crate floor swabs. Initial attempts to isolate
Salmonella from cloaca] swabs on two premises (100 swabs per flock) were unsuccessful, perhaps partly because the farms selected for this pilot study had an on-farm Sal.'none/la prevalence of <10%, as shown by a subsequent cecal culture. Because cloacal swabs are regarded as an insensitive indicator of Salmonella status (7, 22) , recovery from crate floors was chosen to monitor changes in Salmonella pre-and posttransport. Salmonella prevalence for individual flocks based on floor swabs after load-out and prior to transport while vehicles were still on the farm (time 1) is summarized in Table 3 . Based on the analysis of pretransport swabs, the on-farm prevalence of flocks 1 and 2 was <20%, whereas that of the remaining four flocks exceeded 50%. The prevalence of Salmonella after transport to and holding at the abattoir (time 2) was lowest on flocks 1 (7%) and 2 (7%) and exceeded 40% for birds of the remaining four flocks (Table 3) . A statistically significant difference pretransport (20%) and posttransport (7%) in Salmonella isolation was observed only for flock 2 (P < 0.01). Overall, when pretransport (46.7%) and posttransport (39.7%) levels were combined for all premises. Salmonella prevalence declined after transport to and holding at the slaughterhouse (P < 0.01).
Environmental swabs. Salmonella isolations from environmental samples on-farm ranged from 0 to 96% (Table  3) . Recoveries from the holding shed environment ranged from 9.09 to 60%.
Isolation from ceca. Salmonella prevalence was lowest on flocks 1 (6%) and 2 (4%) ( Table 4) . In contrast, all of the ceca originating from flock 4 yielded Salmonella.
The recovery from the ceca of the turkeys originating from flocks 3 (16%), 5(34%), and 6 (18%) illustrates the range encountered in this study.
Prevalence estimates based on transport crate floor swabs pre-and posttransport and ceca were compared to determine if crate swabs were a predictor of animal carrier status (Fig. 2) . Salmonella prevalence based on ceca and crate swabs posttransport for flocks I and 2 remained below 10%. For flock 5, the recovery of Salmonella from ceca and posttransport crate swabs was similar. For flocks 3 and 6, crate swabs posttransport exceeded prevalence estimates when compared with recovery from the ceca, perhaps because of the evacuation of the ceca during the perimarketing interval. In contrast, for flock 4, the amount of Salmonella isolations from the ceca exceeded the amount of isolations from the crate swabs taken at times 1 and 2. Interestingly, this flock was closest to the processing plant and had the shortest transport time yet recorded the longest resting period. to E'0- Spleens. Although Salmonella was not recovered from flock 1 (0%), it was cultured from the spleens of turkeys originating from all subsequent flocks (Table 4) , with the highest prevalence seen in flock 4 (73.5%).
Crops. Salmonella was isolated from all of the flocks, with yields ranging from 4 to 38% (Table 4) .
Carcasses. The overall Salmonella prevalence on carcasses prior to entering the chill tank averaged 71.4% (range, 30 to 100%). In contrast, upon exiting the chill tank, Salmonella prevalence overall averaged 12.5% (range. 0 to 32%) (Table 4) , with a tendency to increase with the time of day of sampling.
Serotypes.
Isolates from three flocks were available for serotyping (Fable 5). Flock I had the fewest number of isolates for serotyping (n = 20) and showed the lowest level of contamination; nevertheless, it yielded five serotypes. Among these were Bredney, Newport, and Ohio, which were recovered from cage floors swabbed prior to transport, and the latter two were also recovered from the viscera. Flock 4, with the highest number of isolates characterized (n = 201 isolates), yielded eight serotypes overall. Serotypes originated from the growout house environment (n = 3 serotypes), preload crate swabs (n = 5 serotypes), ceca (n = 3 serotypes), and carcasses sampled prior to (n = 6 serotypes) and upon exiting (n = 3 serotypes) the chill tank. Newport (43%) and Heidelberg (29.9%) were the dominant serotypes recovered from this flock. For flock 6 (a = 113 isolates characterized), serotype Agona (50.4%) predominated, with serotypes Reading (15%) and Senftenberg (14.2%) persisting through sampling intervals, including recovery from carcass swabs taken after the chill tank.
DISCUSSION
Transport to and resting in the holding sheds at the slaughterhouse are routine preslaughter events in the turkey industry. In this study of six independently operated commercial turkey flocks, we evaluated the impact of these events on the prevalence of Salmonella, which was based on its recovery from transport crate swabs collected onfarm (time I) and after transport to and resting at the abattoir (time 2). Turkeys were off-feed for -8 h, as measured by the average interval from the beginning of loading (catching and crating) to the time of slaughter. This is the minimum interval, since the exact time that feed was withdrawn varied for each farm, with some premises allowing access to feed until loading began.
Initial attempts to recover Salmonella from cloacal swabs and fecal droppings on-farm were unsuccessful (data not shown). Cloacal swabs are regarded as less sensitive indicators of Salmonella prevalence in contrast with feces, cecal droppings, or environmental swabs (7, 22) . Earlier. Trampel et al. (36) cultured Salmonella from <1% of turkey cloacal swabs collected in the Midwest immediately prior to slaughter (it 340). The low recovery of Salmonella from cloacal swabs of turkeys in the Midwest in our studies and those of Trampel et al. (36) contrasts with its Data are shown as the percentage of swabs positive for Salmonella. b Prevalence prior to transport was higher than posttransport (P < 0.01). frequency in cecal droppings of adult turkey hens (13%) and toms (30%) reported in the southeastern Atlantic states (5). Inability to recover Salmonella from cloaca] samples may reflect coincidental sampling of low prevalence flocks as well as the intermittent voiding of the ceca and thus its variable contribution to the cloacal contents at sampling. Therefore, to measure the effect of transport to and resting at the abattoir, crate floors were sampled. Salmonella was subsequently recovered from transport crate floors after loading at the farm (time I) and after transport to and holding at the abattoir (time 2).
In this current study, on the basis of crate floor swabs, turkey flocks showed an overall decline in Salmonella shedding, with a statistically significant reduction pretransport (20%) to posttransport (7%) observed on only a single premises (flock 2) and again when the data for the six flocks were combined. Failure to associate transportation and holding with a statistically significant increase in Salmonella prevalence concurs with the observations of Line et al. (17) and Northcutt et al. (24) for broilers but contrasts with observations in hogs (14) and other observations in poultry (4, 21, 26, 35) . Whereas we analyzed only the fecal or cecal droppings of turkeys in transport crates, studies of broilers have monitored crops, ceca, or carcass swabs. For example, in broilers, feed withdrawal resulted in a statistically significant increase in Salmonella isolations from the ci) acrop but not from the ceca (4, 26) . The increase in Salmonella prevalence seen in broilers posttransport has been attributed to stress-related damage to the intestinal tract, immunosuppression, disruption of the intestinal microbiota, and lower bird resistance to pathogenic organisms, thus facilitating the spread of intestinal bacteria (21) . Unfortunately, this report (21) provided minimal data for interpretation. Finally, the overall bacterial load, but not necessarily Salmonella, on broiler carcasses has been directly correlated with the time between on-farm crating and the resting interval but inversely related to the time of slaughter (27) .
In the pork industry, hogs are transported to and unloaded into a holding pen, which may have been previously occupied by animals originating from Salmonella-contaminated herds. In a study of nearly 600 market-weight hogs, Hurd et al. (14) documented lower recoveries of Salmonella from hogs slaughtered on-farm (5.3%) when compared with cohorts transported to and slaughtered at a commercial abattoir (39.9%). Hurd et al. 
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the resting shed for turkeys harbors Salmonella. Trucks arriving from other farms may park within 6 ft (1.83 m) of each other, thus facilitating aerosol transmission among the high density of crated birds. We have shown that aerosol transmission of a nalidixic acid-resistant Salmonella enterica serotype Typhimurium 4237 strain from infected to naïve birds can occur within the 6-h average holding time observed in this study (10). The increase in isolations from the holding shed environment observed in our study coincided with the time of sampling prior to slaughter ratherthan the holding interval. It was not the intent of this study to evaluate the impact of feed withdrawal or transport on changes in Salmonella prevalence in the viscera or carcasses as described for broilers (4, 17, 24, 26, 28, 35) . Thus, data obtained for crops, ceca, and spleens as well as for carcasses contribute to the posttransport baseline but cannot be compared with pretransport levels. In our study, the overall 29.7% Salmonella prevalence for cecal contents agreed with the 33% prevalence reported for turkey cecal droppings (5) and surpassed the 4.3% prevalence estimated for broiler cecal swabs (4) . Salmonella was isolated more frequently from ceca (29.7%) than from crops (14.3%), as reported earlier for turkeys (8) . In contrast, for broilers, higher recoveries were observed from crops than from postfeed-withdrawal ceca (4, 26) . Spleens were analyzed as potential indicators of bacteremia associated with transport stress or the most recent time the turkeys had been infected. Salmonella prevalence in spleens in this study ranged from 0 to 73.5% (average, 24%) and, as Hafez and Jodas (8) noted earlier, spleens, along with ceca, may provide the highest detection rate for turkey salmonellosis.
In only a single instance (flock 4) was the high Salmonella prevalence in the turkey ceca mirrored in carcasses prior to entering the chill tank. Overall, Salmonella was recovered more often on turkey carcasses prior to (71.4%) than upon exiting (12.6%) the chill tank, with the frequency of recovery correlated with the time of slaughter. For example, whereas the Salmonella prevalence of prechill carcasses for flocks 2 and 3 was comparable to the other flocks, their lower Salmonella prevalence upon exiting the chill tank may have been due to the higher efficacy of chlorination early in the day. In contrast, the higher recovery of Salmonella from carcasses processed later in the morning may, at a minimum, reflect the declining availability of free chlorine in the chill tank. The overall percentage of Salmonella-positive carcasses (12.6%) was less than the 19.6% prevalence recorded during the 1997 to 1998 national baseline study (6) and agrees with the 13.7 to 16.4% ran ge for turkeys slaughtered in the Midwest (18).
We encountered serotypes Agona, Heidelberg. and Newport, which have been reported from the turkey farm environment, on carcasses, and in the raw ground product (6, 8, 9, 11, 16, 23, 29, 32, 33) . In the United States, Serotypes recovered from human salmonellosis between 1990 and 1995 include Typhimurium (22.6%), Enteritidis (22%), Heidelberg (6.8%), Newport (4.6%), and Hadar (3.6% (29)), In the current limited study, we identified at least three of these serotypes (Hadar, Heidelberg, and Newport; of public health significance.
In conclusion, on the basis of the sampling of crate swabs, transport to and holding at the processing plant were not associated with an increase in Salmonella shedding, which is in contrast with what has been observed in hogs and broilers when viscera are evaluated.
